Abstract
Introduction

24
The Angola-Benguela Frontal Zone (ABFZ, see Fig. 1 ), situated off the coast 25 of Angola/Namibia, is a key oceanic feature in the southeastern Atlantic Ocean. The 26 ABFZ separates the warm sea water of the Angola Current (e.g., Kopte et al., 2017) 27 from the cold sea water associated with the Benguela Current/upwelling system (e.g., associated with the cold SST and subsidence due to St. Helena Anticyclone (e.g.,
74
Klein and Hartmann, 1993; Pfeifroth et al., 2012) . So far, the relative roles of these 75 different processes in the frontogenesis of the ABFZ still need to be investigated.
76
In this study, following the fundamental philosophy of GC2014, we attempt to 77 understand the mechanisms responsible for the ABFZ development at seasonal scale 78 based on a first-order estimation. We propose an ocean frontogenetic function in a 79 different way from GC2014 (this study focuses on the ocean-mixed layer mean front).
80
The structure of the remainder of this paper is as follows: Section 2 gives details of 81 data set used in this study. In section 3, we derive the ocean frontogenetic function.
82
Section 4 provides a description of the climatological state around the ABFZ. In MOM version 4p0d (Griffies et al., 2004) . This system provides 6-hourly data with a 98 0.5 degree horizontal resolution and 70 vertical layers for ocean. In this paper we will 99 analyze daily-means. Data of sea water potential temperature (hereafter, referred to as 100 temperature) is used for the analysis because sea water temperature and sea water 101 potential temperature are almost identical in the upper ocean layers. 
Ocean Frontogenesis Function
104
The ocean frontogenetic function (OFGF) is defined and applied to the ocean 105 mixing layer (OML) in order to propose a dynamical diagnosis of the 106 maintenance/generating process of the ABFZ. Following GC2014, we use the OFGF 107 as a tool to unravel the Langrangian (pure) sources of the oceanic front. While there 108 are plentiful numbers of literature investigating the ocean front dynamics (e.g.,
109
Dinniman and Rienecker, 1999), the concept of this OFGF has been hardly referred.
110
The Lagrangian frontogenesis function, F, is defined as,
where, is the temperature. While the frontogenetic function is generally defined as 
128
The fourth term is a thermodynamical term due to exchange heat associated 129 with the turbulent heat flux. This term can be expressed as,
.
131
The contribution due to the second order horizontal diffusion is ignored for simplicity.
132
Since within the OML the temperature is fairly uniform (cf. Fig. 2 
where, the subscript of oml indicates the OML-mean quantity. Although the horizontal
139
velocity is a function of depth even in the OML, the horizontal mechanical terms in
140
Eq. 3.4 can be written in terms of OML-mean quantities because the production 141 remains linear relation as long as the temperature is independent of depth in the OML. term; it will be not addressed explicitly in this study.
151
While Eq. 3.4 is Langrangian form of the OFGF, the equation can be also 152 expressed in Eulerian form as below: The contribution due to the vertical mixing Q b , is estimated as residual of Eq. (3.5).
155
Along with the vertical mixing, the residual term also includes the horizontal and 156 vertical advection of the ∂θ oml / ∂y which are not related to Lagrangian sources of the 157 frontogenesis either. In the reminder of this paper, the shear term will be referred to as 158 SHER, the confluence as CONF, the tilting as TILT, the thermodynamic term as
159
SFLX and the residual as RESD.
160
Note that basically, our climatology is a 29-years mean from 1982 to 2010.
161
However, some years do not have OML data at some grid points around the coastal 162 region. For these grid points, we make the climatology only for available years. 
Dynamical Diagnosis on the ABFZ
187
In this section, we investigate the frontogenesis of the ABFZ diagnostically 188 applying the OFGF described in Section 3. Figure 3 (Fig.3) . On the other hand, TILT is frontolytic off the ABFZ (at 17°S, 11°E) where the 217 downwelling is dominant as shown in Fig.3 . The role of the upwelling in the ABFZ 218 development will be analyzed in more details in the Section 6.2.
219
In addition to the mechanical terms, the thermodynamical components also around the core of the ABFZ (Fig. 4e) . On the other hand, frontogenesis is located in 
Seasonal Cycle
234
In the preceding subsection, we have shown that in terms of climatological 
− SHER(t) − CONF(t) − TILT(t) − SFLX(t).
262
From the middle of November to February, the box-averaged CONF is 263 modestly negative, which is due to the frontolytic effect adjacent to the Angolan coast 264 as shown in Fig. 4b (however, CONF is frontogenetic off the ABFZ October, respectively (Fig. 5a ). This suggests that the two peaks of the ABFZ are RESD does not exhibit a clear signal of semi-annual cycle, but rather an annual-cycle.
287
We thus can conclude that in terms of a first-order estimation, the semi-annual cycle 288 of the ABFZ is explained by the combination of TILT and CONF. Figure 6a presents the annual cycle of ∂v oml / ∂y averaged over the ABFZ that shows a 300 mirror image of the time series of CONF (Fig. 5) . In the ABFZ, the meridional current 301 is almost always convergent except for weak divergence from November to January.
302
The convergence of the meridional current is maximum from August to mid-October (Fig. 6a) . However, in January an intense divergence is generated due to the strong 331 southward ageostrophic current along the coast (Fig. 7a) . In April, when CONF is 332 modestly frontogenetic (Fig.5b) , the Angola Dome and associated geostrophic flow 333 are diminished (Fig. 7b) and a main source of convergence can thus be attributed to 334 the northward Benguela Current which penetrates into the ABFZ as far as up to 16 °S.
335
In September, whereas the low SSH sits in the south of the ABFZ as in April, the stratification (e.g., Eq.3.5). Here, we explore more details of upwelling in the ABFZ. 
357
The OML depth has extrema in August to September (around 100 m) and from 
Concluding Remarks
374
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